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Abstract. The multiple correspondence analysis is a powerful technique to identify groups 
with similarities relatively to a large sets of parameters, revealing the patterning of complex data sets. 
Signs of atopies and various allergies were listed in asthmatic children and their closer family. The 
data analysis has permitted to uncover predominance in children of low ranks of birth, frequency of 
rhinitis, onset in infancy of bronchiolitis, strong links between rhinitis and conjunctivitis, opposed 
links between rhinitis and bronchiolitis, and a significant impact of background family history. The 
multiple correspondence analysis highlighted this importance of family background and showed 
remarkable groupings in relation to modalities of the studied parameters such as existence of atopic 
dermatitis children with father more than the mother background, higher propensity of the mother to 
transmit atopy to her children and the fact the father transmits atopy more to girls than boys.  
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INTRODUCTION 
 
Asthma, chronic inflammatory disease of airways affecting over 300 million people 
in the world, appears to be a complex interaction of several factors, including atopy as genetic 
predisposition to developing allergies (atopic dermatitis, allergic rhinitis). This disease is also 
partly due to hereditary history. The study focused on children with asthma for which 
multidimensional analysis based on multiple correspondences has been established with the 
aim to highlight remarkable combinations using an approach linking the prevalence of atopic 
diseases and the history of ascendants, all associated with the presence of asthma in sick 
children younger than 15 years. A large number of parameters such as gender, the fact that the 
child was born at term or not, his birth rank, the result of the allergy skin testing (Prick test), 
the parental consanguinity and its degree, the various signs of atopy (rhinitis, conjunctivitis, 
atopic dermatitis) in children themselves and with siblings, parents, maternal and paternal 
family were exploited looking for remarkable groups. 
 
MATERIALS AND METHODS 
 
This work was performed at the Department of Pediatrics, CHU of Blida, for 7 
months (December 2011-June 2012). 107 asthmatic patients (70 boys and 37 girls) aged less 
than 15 years, were selected by a pediatrician after consultation and examination of ten 
minutes. 
 137 
 
 
 
An allergy skin testing (Prick test) was performed in the skin of the forearm of these 
children. Allergenic extracts were used for skin testing (mites, animal dander, grass pollen, 
cockroaches, Alternaria, cypress). All manipulations were done with sterile disposable 
needles. The positive control was histamine dihydrochloride, the negative control, the 
glycerol saline. 
The children (with their parents) were then submitted to a questionnaire. They were 
asked about date of birth, rank of birth and sex. We then had to ensure that the vaccination 
was done on time and whether the child was born at term or not (prematurity), and if they had 
smokers in their environment. 
The parental consanguinity, its degree (2nd or 3rd, D2 and D3 respectively) and the 
presence of moisture in the living place have been sought. Signs of atopy such as allergic 
rhinitis, conjunctivitis, dermatitis, bronchiolitis were studied in children, but also among 
siblings (brothers and sisters), parents (father and mother), maternal and paternal families 
(grandparents, aunts, uncles and cousins). The overall objective of this investigation was the 
search for personal and familial atopy of each child diagnosed as asthmatic. The analysis 
should identify, through a rigorous protocol, the multiple associations characterizing the 
variables related to family genetic history and the occurrence of various diseases in children 
with asthma, as well as the complex links between these parameters. 
Statistical analysis. All the studied variables were binary (with the modalities, 
positive or negative, respectively presence or absence of the disease) except the consanguinity 
with three modalities (no consanguinity, children from a consanguineous marriage at the 2nd 
or the 3rd degree). The links were first highlighted by the χ2 tests, then with multiple 
correspondence analysis (MCA) in analyzing and graphically describing, on a graph with two 
maximal variance factors, the groups of individuals with similar modalities. The interpretation 
of MCA is, in general, based on parameters showing the best qualities of representation (cos2 
factor). This powerful technique is well adapted here because the parameters were all with 
only two or three modalities; it can crystallize considerable information reduced to only two 
factors. 
 
RESULTS AND DISCUSSIONS 
 
The distributions of asthmatic children (70 boys and 37 girls) are normal (Shapiro-
Wilk test, p=0.052 and p=0.46 for boys and girls respectively). The global mean age is 
6.92±0.35 years, 6.82±0.43 and 7.11±0.60 years for boys and girls respectively. 
 
Tab.1 
Distribution of asthma by sex and age 
 
Age groups 
(years) Boys % Girls % Total % 
[0-2] 5 7.14 2 5.41 7 6.54 
[2-4] 13 18.57 4 10.81 17 15.89 
[4-6] 17 24.29 11 29.73 28 26.17 
[6-8] 10 14.26 3 8.11 13 12.15 
[8-10] 7 10.00 10 27.03 17 15.89 
[10-12] 11 15.71 3 8.11 14 13.08 
>=12 7 10.00 4 10.81 11 10.28 
Total 70 65.42 37 34.58 107 100.00 
 
The boys and girls (Tab. 1) are in a 2:1 ratio highlighting a disease with a very 
significant predominance of boys (χ2=10.18, p=0.0014>>0.05) in agreement with what was 
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reported in literature; the asthma has a higher prevalence for boys before puberty, the male 
sex becoming a major factor in neonatal risk (Schaubel et al., 1996; Sunyer et al., 1997). The 
boys represent two-thirds of children with asthma (Larsson, 1994), they account for 60% in 
the study of Berri et al. (2012). This male predominance is found until adolescence (Venn et 
al., 1998). 
There was also a very high prevalence of low ranks of birth (Fig. 1), nearly half of 
children with asthma are the elders. This high prevalence of low ranks of birth is related in the 
literature (Strachan, 1989; Molkhou, 2004). 
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Fig. 1. Frequency of asthmatic children according to the rank of birth 
 
Less than a quarter of children (22.4%) were subjected to a smokers’ environment 
(Tab. 2). Nearly half of children with asthma (52 of 107 or 48.6%) showed bronchiolitis at an 
early age (under 1 year), 6.2 months for 36 boys and 7.1 months for 16 girls. These results 
were consistent with those of Ploin et al. (2002) whose study showed that asthma in older 
children was significantly associated (p<0.001) with the occurrence of early bronchiolitis in 
the first year of life. After a bronchiolitis during the first months of life, the risk of asthma at 
age six is three to five times higher than in the general population (Martinez et al., 1995) 
Our study showed that 60 children among the 107 (56.1%) had already expressed 
rhinitis, this value is closer with results of Leynadier (1998) who finds a 56.8% prevalence of 
allergic rhinitis in 352 asthmatic children. 
Burgess et al. (2007) suggest a causal relationship between asthma and rhinitis. Eng 
et al. (2006), Jacobsen et al. (2007) showed that the desensitization of young patients with 
rhinitis is the surest way to reduce the risk of asthma. 
A highly significant relationship was found between allergic rhinitis and 
conjunctivitis (χ2=12.93, p=0.0003). All children (n=18) with conjunctivitis also express 
rhinitis except one. The conjunctivitis has no relation with asthma, it is its relationship with 
rhinitis, which makes it present in asthmatic children (Demoly, 2005; Janeway et al., 2009). 
This correlation was already shown (El Khattabi et al., 2012) and attempted medical 
explanations have also been reported (Demoly, 2005). 
A very significant relationship was found between allergic rhinitis and bronchiolitis 
but as opposed (χ2=10.11, p=0.0015). This means that a child with one of the two diseases is 
much less likely to have the other disease. Marinho et al. (20071, 20072) suggest that the 
severity of asthma, bronchial hyper-responsiveness and the airflow obstruction are not linked 
to the involvement of the upper airway in young preschool children group. 
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More than the half of sick children (54.7%) had parents with a history of atopy, 
17.0% for the father, 26.4% for the mother and 11.3% for both father and mother. This fact 
will be confirmed by the MCA. This family background has already being reported by 
Burrows et al. (1995), Laprise and Boulet (1996), Wang et al. (2000). 
 
Tab. 2 
Descriptive parameters 
 
Medical background Presence % Absence  % Total 
Dermatitis 14 13.1 93 86.9 107 
Rhinitis 60 56.1 47 43.9 107 
Conjonctivitis 18 16.8 89 83.2 107 
Bronchiolitis 52 48.6 55 51.4 107 
Prematurity 4 3.7 103 96.3 107 
Prick test 36 55.4 29 44.6 65 
Familial background Presence  % Absence  % Total 
Father 30 28.3 76 71.7 106 
Mother 40 37.7 66 62.3 106 
Brothers and sisters 27 32.1 57 67.9 84 
Father’s family 33 31.1 73 68.9 106 
Mother’s family 34 32.1 72 67.9 106 
Consanguinity 21 19.8 85 80.2 106 
Environment Presence  % Absence  % Total 
Smokers 24 22.4 83 77.6 107 
Moisture 22 20.6 85 79.4 107 
 
This link is highly significant when there is a mother history and in the same time 
siblings’ history (χ2=8.54, p=0.0035) while there is a total lack of link for children with a 
father history and at the same time siblings’ history (χ2=0.0036, p=0.952). It has been reported 
that the risk of an allergic child was greater when it was the mother with history of allergies 
(Ruiz et al., 1992; Litonjua et al., 1998). The possible causes of this link were also 
extensively discussed in literature (Warner et al., 1997; Szepfalusi et al., 1997; Prescott et al., 
1998; Molkhou, 2003). 
The factorial graph (Fig. 2) has focused on the relationship between family and 
medical genetic history. The factorial plane summarizes 27.02% of the total variance; 15.40% 
for the first axis and 11.62% for the second axis but contrary to the factorial discriminant 
analysis (FDA), the maximal variance here has only a relative interest and its value is only 
given for information purposes. In reality, the percentages in the MCA are underestimated 
and the actual values were higher. 
One notices the strong proximity at the left of the factorial axis 2 of positive 
modalities of variables and the negatives ones at the right side. Much of the positive 
modalities of family history are associated with individuals carrying positive prevalence 
diseases (presence of disease), there is a similar pattern for negative modalities of variables 
and individuals non-carrying various pathologies (absence of disease). 
Indeed, there was a strong association between atopic dermatitis (+) with positive 
history of the father and the father's family. At the left of the factorial axis 2, the modalities 
mother (+), mother’s family (+) and siblings (+) have corresponded to the presence of rhinitis 
(+), skin prick test (+) and prematurity (+). These antecedents (rhinitis, positive prick test and 
prematurity) were found as reinforcing causes of the possibility of occurring asthma in 
children (Hamouda et al., 2006; Scheinman and de Blic, 2007). 
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Fig. 2. Multiple correspondence analysis of family and medical history variables  
(F: father; Ff: father’s family; M: mother; Mf: mother’s family; B&S: brothers and sisters;  
Rhi: rhinitis; Bronch: bronchiolitis; Conj: conjonctivitis; Derm: dermatitis; Csg: consanguinity;  
P.test: skin Prick test; Prem: prematurity; Moist: moisture) 
 
On the right of the same axis, it was the combination of modalities mother (-), 
mother’s family (-), father (-), father's family (-), siblings (-) and inbreeding (-) in relation 
with an absence of dermatitis, conjunctivitis, and prematurity as well as result in skin prick 
test (-). These remarkable groupings suggest that children with more family background 
history (father and mother respectively) have higher probability of associated diseases. Some 
of our results are corroborated by the literature where it was revealed the existence of a link 
between the transmission of the atopic dermatitis children by the father more than the mother 
(Wadonda-Kabondo et al., 2004) and the highest propensity of the mother rather than the 
father, to transmit atopy to her children (Ruiz et al., 1992; Litonjua et al., 1998). 
The graph (Fig. 3) has focused on family and medical history in relation to the sex of 
the children. The factorial plane summarizes 36.64% of the total variance; 20.87% for the first 
axis and 15.77% for the second axis. 
Again, we see two remarkable combinations of positive and negative modalities in 
relation with sex. Above the factorial axis 1, a strong association of boys with modalities of 
father (-), mother (-), father's family (-), mother’s family (-), conjunctivitis (-) and atopic 
dermatitis (-). 
Below the same axis, there is a strong association for girls with the presence of the 
modalities father (+) and father’s family (+). This group highlights the fact that the father 
transmits atopy more to girls than boys. 
The Prick test (+) is closer to the group of boys; it has already been shown that boys 
are more positive than girls in skin tests (Sears et al., 1993; Johnson et al., 1998; Klinnert et 
al., 2001). 
At left of factorial axis 2, the presence of rhinitis (+) and conjunctivitis (+) were 
associated with positive background of mother and mother’s family. 
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Fig. 3. Multiple correspondence analysis of family and medical history variables  
in relation to sex (F: father; Ff: father’s family; M: mother; Mf: mother’s family; Rhi: rhinitis; Conj: 
conjonctivitis; Derm: dermatitis; P.test: skin Prick test) 
 
CONCLUSION 
 
The correlations found allow us to better understand the general mechanism of atopy. 
Statistically, children who have bronchiolitis before one-year age will be much less affected 
by rhinitis before age of fifteen. 
This work has also helped to highlight that family history have a significant impact 
on the prevalence of disease transmission. One limitation of this study with this number of 
patients is that the only statistical analysis may not be sufficient alone to assert a biological 
fact but allow us to formulate seeking evidence assumptions in monitoring young patients.  
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